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Xylan degrading bacterial strain was isolated from soil and identified as Geobacillus stear-
othermophilus KIBGE-IB29 on the basis of morphological, biochemical and 16S rDNA
sequence analysis. Optimization of medium and culture conditions in submerged
fermentation was investigated for maximum endo-1, 4-b-xylanase production. High yield
of xylan degrading endo-1, 4-b-xylanase was achieved at 60 C and pH-6.0 with 24 h of
fermentation. Maximum enzyme was produced using 0.5% xylan as a carbon source, 0.5%
peptone, 0.2% yeast extract and 0.1% meat extract as nitrogen sources. Di-potassium
hydrogen phosphate (0.25%), calcium chloride (0.01%), potassium hydrogen phosphate
(0.05%) and ammonium sulfate (0.05%) were also incorporated in the fermentation medium
to enhance the enzyme production.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Lignocellulosic materials are considered as the most abun-
dant organic residues to use as a renewable source for food
and biofuel industries. Lignocellulosic materials are
composed of 23% lignin, 40% cellulose and 33%hemicelluloses
by dry weight (Dhiman, Sharma, & Battan, 2008). Hemicellu-
lose is a heteropolysaccharide having xylan as a major car-
bohydrate component which consists of b-1, 4 linked D-xylose
backbone chain with different side chains of glucuronic acid,
arabinose and acetyl or mannose residues (Collins, Gerday, &
Feller, 2005). Xylan is considered as a second widely available9.
. Ul Qader).
ptian Society of Radiatio
iety of Radiation Sciencespolysaccharide in nature and can be enzymatically degraded
to establish environmentally tolerable and eco-friendly pro-
cesses for the production of alcohol, xylose, xylitol and
xylooligosaccharides (XOSs). The complete biodegradation of
xylan needs synergistic action of different xylanolytic en-
zymes such as endo-1, 4-b-xylanase, b-xylosidase, a-arabi-
nofuranosidase, a-glucuronidase and acetyle esterase (Juturu
& Wu, 2012). Endo-1, 4-b-xylanase (EC 3.2.1.8) degrades the 1,
4 glycosidic linkages and depolymerises the xylan molecules
into its monomer constituents (Ahmed, Riaz, & Jamil, 2009).
Due to biodegrading ability of xylan, the endo-1, 4-b-xylanase
attracting great deal of interest and can be used in variousn Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. All rights
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feed, in textile industry as well as in paper and pulp industry
for bleaching processes to replace the chlorine utilization and
diminishing the environmental impacts (Juturu & Wu, 2012;
Kumar & Satyanarayana, 2012). This enzyme has also been
used for preparation of xylooligosaccharides which are used
as a prebiotics and also for the production of ethanol and
xylitol (Verma, Anand, & Satyanarayana, 2013). Endo-1, 4-b-
xylanase has been produced by different microorganisms (El-
Hadi, El-Nour, Hammad, Kamel, & Anwar, 2014; Irfan,
Nadeem, & Syed, 2014) but bacterial isolates are widely used
for the commercial production of endo-1, 4-b-xylanase due to
high metabolic diversity (Bajaj & Singh, 2010). Industrial con-
ditions are usually hostile in terms of temperature, pH and
due to the presence of different organic solvents; therefore
enzyme must be stable to tolerate these conditions besides
the cost of enzymes (Bajaj, Sharma, & Sharma, 2011). In the
present study, a new thermophilic bacterial strain Geobacillus
stearothermophilus KIBGE-IB29 was isolated and its fermenta-
tion conditions were optimized by using one variable at a time
approach for maximum production of endo-1, 4-b-xylanase
(b-1, 4-D-xylan-xylanohydrolase). Finally, different agricul-
tural wastes were investigated as a substrate for cost effective
production of endo-1, 4-b-xylanase.2. Materials and methods
2.1. Microorganisms
Several bacterial cultures were isolated from soil sample
collected fromblast furnacesite of steelmill. The cultureswere
screened for xylanolytic activity on xylan containing nutrient
agar medium (Hiremath & Patil, 2011) and clear zone around
the colonies were detected by using Congo red dye overlying
method (Teather & Wood, 1982). The isolate which showed
maximumzoneof xylanhydrolysiswas selectedand identified
onthebasisofmorphological, biochemical (Holt,Krieg,Sneath,
Staley,&William, 1994) andmolecular characteristics (Ansari,
Aman, Siddiqui, Iqbal, & Ali Ul Qader, 2012). Sequence align-
ment was performed by using ClustalW program of mega 6
software and phylogenetic tree was constructed using likeli-
hood method with 100 bootstrap value. All sequences were
retrieved from NCBI Genbank database using BLAST tool.
2.2. Endo-1,4-b-xylanase assay
The endo-1, 4-b-xylanase activity was measured by the esti-
mation of reducing sugar released from xylan (2.0% in 0.1 M
phosphate buffer, pH-7.0) through 3050 dinitrosalicylic acid
method using xylose as a standard (Miller, 1959).
One unit of endo-1, 4-b-xylanase was defined as “the
amount of enzyme required to liberate 1 mmol of xylose per minute
under standard assay conditions”.
2.3. Estimation of total protein
Total protein content was estimated in the cell free filtrate by
Lowry‘s method using BSA (Bovine serum albumin) as a
standard (Lowry, Rosembrough, Farr, & Randall, 1951).2.4. Optimization of growth conditions for endo-1, 4-b-
xylanase production
The optimization of fermentation conditions were carried out
by stepwise variation of physicoechemical parameters for
growth conditions of G. stearothermophilus KIBGE-IB29 to pro-
duce maximum endo-1, 4-b-xylanase. Initially, bacterial
isolate was grown in 0.5% xylan containing nutrient media as
reported by Hiremath & Patil, 2011 and then, fermentation
medium was optimized by incorporating different chemical
components for growth of Bacillus species and also physical
parameters were investigated (Karim, Nawaz, Aman,&Qader,
2014).2.5. Time course for endo-1, 4-b-xylanase production
The fermentation time for the production of endo-1, 4-b-
xylanase was measured by incubating the G. stear-
othermophilus KIBGE-IB29 in the production medium for
different time intervals (12e96 h) at constant temperature
(60 C), pH (7.0) and substrate concentration (2.0%).2.6. Effect of temperature on endo-1, 4-b-xylanase
production
Effect of different temperatures ranging from 40 C to 70 C
was studied for the maximum production of endo-1, 4-b-
xylanase keeping the other parameters constant (xylan 2.0%,
pH-7.0 and 24 h incubation time).2.7. Effect of initial pH of medium for endo-1, 4-b-
xylanase production
For optimization of pH for maximum endo-1, 4-b-xylanase
production, the G. stearothermophilus KIBGE-IB29 was grown in
the production medium having different pH ranging from 5.0
to 9.0 at 60 C for 24 h.2.8. Effect of different substrates for endo-1, 4-b-
xylanase production
The effect of different substrates on enzyme production was
investigated using different carbon sources such as xylan
(corncob), xylan (Beechwood), maltose and xylose. In order to
find out a cheap source of substrate, various agriculture
wastes like wheat bran, sago, barley and orange peel were
used as a replacement of xylan in fermentation medium for
endo-1, 4-b-xylanase production.2.9. Effect of xylan concentration on endo-1, 4-b-
xylanase production
The impact of substrate concentration on endo-1, 4-b-xyla-
nase production was analyzed by growing the bacterial isolate
in the production medium without and with different con-
centrations of xylan (0.0%e3.0%).
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xylanase production
The effect of different nitrogen sources on endo-1, 4-b-xyla-
nase production was analyzed by growing the bacterial isolate
in the production medium supplemented with yeast extract,
peptone, meat extract, trypton and urea.
2.11. Effect of different salts on endo-1, 4-b-xylanase
production
The effect of different concentrations of salts on endo-1, 4-b-
xylanase production was studied by growing culture of G.
stearothermophilus KIBGE-IB29 in medium containing various
salts with different concentration (0.0%e0.1% CaCl2, 0.0%e
0.3% K2HPO4, 0.0%e0.3% KH2PO4 and 0.0%e0.3% (NH4)2SO4).3. Results and discussion
3.1. Screening and identification of bacterial strain
Different bacterial soil isolates (isolated from blast furnace
site) were screened for xylanolytic activity on xylan agar me-
dium and G. stearothermophilus KIBGE-IB29 showed maximum
degradation of xylan around the colonies on xylan agar me-
dium plate (Fig. 1). The selected strain was appeared as rod
shaped, gram-positive, spore former, and catalase positive.
Similar finding has been reported by Pandey et al., 2014. It
utilized various sugars such as glucose, fructose, galactose
and xylose for growth. The morphological and biochemical
characteristics suggested that the current strain was G.
stearothermophilus. The 16S rDNA sequences of G. stear-
othermophilus KIBGE-IB29 showed maximum similarity (97%)
with others G. stearothermophilus species. The phylogenetic
tree (Fig. 2) showed closely related G. stearothermophilus spe-
cies and grouped them into G. stearothermophilus species
clusters while the outer group of Thermus antranikianii strain
HN3-7 (Accession no. NR026502) grouped into separate clus-
ter. The isolated strain was designated as G. stearothermophilus
KIBGE-IB29 with GenBank accession number KF241865.Fig. 1 e (a) Growth pattern of Geobacillus stearothermophilus KIBG
1, 4-b-xylanase by Congo red dye method.3.2. Time course for endo-1,4-b-xylanase production
The time course of endo-1, 4-b-xylanase production by G.
stearothermophilus KIBGE-IB29 showed that maximum enzyme
production was achieved after 24 h of fermentation period as
shown in Fig. 3. Further increase in incubation time reduced
the enzyme production and approximately 30% declined
production was observed after 96 h of fermentation time. This
decrease in endo-1, 4-b-xylanase production might be due to
the feedback inhibition caused by high yield of end product
(xylose) produced after degradation of xylan during fermen-
tation. Depletion of macro and micro nutrient in growth me-
dium and the shift in medium pH may also be responsible to
decline the culture growth and enzyme production (Karim
et al., 2014). A survey of the literature revealed that alka-
liphilic Bacillus pumilus VLK-1 required 56 h incubation period
formaximumproduction of same enzyme at 37 C and Bacillus
altitudinis DHN8 produced maximum endo-1, 4-b-xylanase
after 42 h of fermentation time when incubated at 35 C
(Adhyaru, Bhatt, &Modi, 2014; Kumar et al., 2014). However, it
was encouraging that G. stearothermophilus KIBGE-IB29 was
able to produce high yield of endo-1, 4-b-xylanase in mini-
mum time period. These characteristic such as short
fermentation time (24 h) at high temperature revealed that G.
stearothermophilus KIBGE-IB29 can become an efficient candi-
date to be used in different industrial processes. Chi, Park,
Change, and Hong (2012) also reported similar incubation
time when mesophilic Bacillus sp. MX47 was exhibited to
produce alkaliphilic xylanase at 40 C.3.3. Effect of temperature on endo-1, 4-b-xylanase
production
Temperature profile of G. stearothermophilus KIBGE-IB29 for
endo-1, 4-b-xylanase production showed that maximum
enzyme production was achieved at 60 C (Fig. 4). Further in-
crease in incubation temperature decreased the enzyme pro-
duction and approximately 61% decline in endo-1, 4-b-
xylanase productionwas observed at 70 C. However, different
bacterial and fungal species exhibit different optimum tem-
perature for their growth and secretary products. DecreasedE-IB29 on xylan agar plate (b) Qualitative screening of endo-
Fig. 2 e Phylogenetic tree representing the similarity of 16S rDNA sequence of Geobacillus stearothermophilus KIBGE-IB29
with other sp. of Geobacillus available in NCBI database (White bar is indicating the sequences similarity of Geobacillus
stearothermophilus KIBGE-IB29 (Accession no. KF241865) with different Geobacillus stearothermophilus strains while black bar
is showing the sequence similarity with outer group of Thermus antranikianii strain HN3-7 (Accession no. NR026502)).
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denaturation of catalytic proteins required in different meta-
bolic pathways that ultimately declined the product synthesis
(Aiba, Humphrey, &Millis, 1973). Pathak, Bhardwaj, and SinghFig. 3 e Effect of incubation period on the production of
endo-1, 4-b-xylanase from Geobacillus stearothermophilus
KIBGE-IB29. Symbols (means ± S.E., n ¼ 6) having similar
letters are not significantly different from each other
(Bonferroni test, P < 0.05).(2014) reported the increased production of xylanase from
Trichoderma harzianum strain by incubating the culture in
xylan containing medium at 34 C. Bacillus species and Peni-
cillium citrinum xym2 have been observed for synthesizing
high titer of xylanase at 50 C and 30 C, respectively (Nagar,
Gupta, Kumar, Kumar, & Kuhad, 2010; Saha & Ghosh, 2014).
Thermostable and alkali-tolerant xylanase was obtained by
incubating the Geobacillus thermodenitrificans at 60 C but in
very low activity (2.75 U/ml) (Anand, Kumar,& Satyanarayana,
2013). These reports showed that G. stearothermophilus KIBGE-
IB29 is highly thermo tolerant strain and could be a good
source for the industrial production of thermostable endo-1,
4-b-xylanase.
3.4. Effect of pH on endo-1, 4-b-xylanase production
The effect of initial pH of fermentation medium on the pro-
duction of endo-1, 4-b-xylanase was studied by growing the G.
stearothermophilus KIBGE-IB29 in culture medium having
different pH (pH-5.0 to pH-9.0). It was found that the
maximum endo-1, 4-b-xylanase production was achieved
when medium pH was kept at 6.0 as shown in Fig. 5. Produc-
tion of endo-1, 4-b-xylanase from G. stearothermophilus KIBGE-
IB29 decreased more than 41% when the initial pH of
Fig. 4 e Effect of incubation temperatures on endo-1, 4-b-
xylanase production from Geobacillus stearothermophilus
KIBGE-IB29. Symbols (means ± S.E., n ¼ 6) having similar
letters are not significantly different from each other
(Bonferroni test, P < 0.05).
Table 1 e Effect of different substrates on endo-1, 4-b-
xylanase production.
Various substrates (0.5%) Specific activity
U mg1 min1
Xylan (corncob) 1175
Xylan (beechwood) 1495
Xylose 0
Maltose 0
Wheat bran 80.5
Orange peel 677
Barley 229
Sago 241
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9.0). These results correlate with previously reported
maximum production of xylanase at pH 6 by Bacillus pumilus
SV-85S and Bacillus pumilus strain, GESF-1(Menon, Mody,
Keshri, & Jha, 2010; Nagar et al., 2010). Few contradictory re-
sults have also been reported where Bacillus altitudinis DHN8
and Bacillus halodurans PPKS-2 showed high titer of xylanase
when incubated in fermentation medium with pH 7.0 and pH
11, respectively (Adhyaru et al., 2014; Prakash, Jayalakshmi,
Prakash, Rubul, & Sreeramulu, 2012). It might be due to the
fact that the variation of external pH directly affects cyto-
plasmic pH of microbial cells which decreases the microbial
growth or enzyme production by disrupting the plasma
membrane or inhibiting the activity of different metabolic
enzymes. Alteration of pH may also change the ionization
state of nutrient molecules and reduce their availability to
organism.Fig. 5 e Effect of various levels of pH on the production of
endo-1, 4-b-xylanase from Geobacillus stearothermophilus
KIBGE-IB29. Symbols (means ± S.E., n ¼ 6) having similar
letters are not significantly different from each other
(Bonferroni test, P < 0.05).3.5. Effect of different substrates on endo-1, 4-b-
xylanase production
The influence of various substrates on endo-1, 4-b-xylanase
production was investigated by adding 0.5% of different sub-
strate in the production medium and it was observed that G.
stearothermophilus KIBGE-IB29 utilized beechwood xylan more
efficiently as compared to corncob xylan (Table 1). While no
endo-1, 4-b-xylanase production was observed in medium
containing xylose and maltose as a substrate, indicating
inducible nature of endo-1, 4-b-xylanase from G. stear-
othermophilus KIBGE-IB29. In order to find out low cost sources
as a substrate for endo-1, 4-b-xylanase production, different
agriculture wastes such as wheat bran, orange peel, sago and
barley were used in the replacement of xylan in production
medium and orange peel showed maximum endo-1, 4-b-
xylanase production from G. stearothermophilus KIBGE-IB29. It
was also found that wheat bran containing medium showed
low endo-1, 4-b-xylanase production from G. stear-
othermophilus KIBGE-IB29 as reported by other researchers
(Sanghi et al., 2008; Sharma, Adhikari,& Satyanarayana, 2007).3.6. Effect of xylan concentrations on endo-1, 4-b-
xylanase production
Substrate concentration is very crucial for maximum endo-1,
4-b-xylanase production from G. stearothermophilus KIBGE-
IB29. Therefore different concentrations of xylan were used
in the fermentation medium. The endo-1, 4-b-xylanaseFig. 6 e Effect of different concentrations of xylan on the
production of endo-1, 4-b-xylanase from Geobacillus
stearothermophilus KIBGE-IB29 (means ± S.E., n ¼ 6).
Table 2e Effect of different nitrogen sources on endo-1, 4-
b-xylanase production.
Nitrogen sources Specific activity
U mg1 min1
0.5% Peptone, 0.2% Yeast Extract and
0.1% meat extract
175
0.5% Peptone, 0.2% Yeast Extract,
0.1% meat extract and 0.2% Trypton
152
0.5% Peptone, 0.2% Yeast Extract,
0.1% meat extract and 0.2% Urea
Nil
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tration and maximum production was obtained at 0.5% xylan
(Fig. 6). Chi, Lim, Park, Park, & Hong, 2013 reported similar
findings by using newly isolated Streptomyces thermocarboxydus
subspecies MW8 strain for enhanced production of xylanase.
In contrast, xylanase production may differ in various carbon
levels, viz. Thermomyces lanuginosus TISTR 3465 secreted
maximum xylanase with 1.5% xylan concentration
(Khucharoenphaisan, Tokuyama, Ratanakhanokchai, &
Kitpreechavanich, 2010). Further increase of xylan concen-
tration beyond 0.5% declined the enzyme production and
more than 50% production was reduced when 3.0% xylan was
supplemented in production medium. This decrease in xyla-
nase production might be due to the increase in the viscosity
of fermentation medium which eventually causes negative
effect on the uniform circulation of nutrient and oxygen, and
leads to the attenuation of microbial growth and ultimately
decline endo-1, 4-b-xylanase production (Karim et al., 2014).Fig. 7 e Effect of various concentrations of different salts such a
xylanase from Geobacillus stearothermophilus KIBGE-IB29 (mean3.7. Effect of nitrogen sources on endo-1, 4-b-xylanase
production
The impact of different organic nitrogen sources on G. stear-
othermophilus KIBGE-IB29 for endo-1, 4-b-xylanase production
was determined and it was found that the yeast extract (0.2%)
with the combination of peptone (0.5%) and meat extract
(0.1%) supported the bacterial culture for maximum enzyme
production (Table 2). The peptone and yeast extract are
complex nitrogen sources with various growth factors which
enhanced the bacterial growth and enzyme production
(Rehman, Ul Qader, & Aman, 2012). It was also found that
endo-1, 4-b-xylanase productionwas slightly decreased by the
addition of 0.2% tryptone and no production of enzyme was
observed when urea (0.2%) was added in the production me-
dium with combination of yeast extract, meat extract and
peptone.
3.8. Effect of different salts on endo-1, 4-b-xylanase
production
Salts and their concentration play very important role in mi-
crobial growth and enzyme production by providing ideal
osmotic pressure. The influence of different salts and their
concentrations on endo-1, 4-b-xylanase production from G.
stearothermophilus KIBGE-IB29 was examined. K2HPO4 (0.25%),
KH2PO4 (0.05%), CaCl2 (0.01%) and (NH4)2SO4 (0.05%) was found
to be enough to generate optimum osmotic pressure for
maximum endo-1, 4-b-xylanase production (Fig. 7). K2HPO4
and (NH4)2SO4 have also been reported as the most important
factor for cell growth and production of different microbials K2HPO4, KH2PO4, CaCl2 and (NH4)2SO4 on endo-1, 4-b-
s ± S.E., n ¼ 6).
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that as the concentration of these salts varied enzyme pro-
duction varied and at hypertonic condition (higher concen-
tration of salts in production medium) the water flows out
from microbial cells through osmosis and causes the cells to
shrink or in some cases die which ultimately decreases or
stops the enzyme production. Similarly at hypotonic condi-
tion (low concentration of salts in the productionmedium) the
water penetrates in the microbial cells and causes the cells to
swell or burst (Lodish et al., 2000). The optimized concentra-
tion of K2HPO4, KH2PO4, (NH4)2SO4 and CaCl2 provided an
isotonic condition with ideal osmotic pressure to G. stear-
othermophilus KIBGE-IB29 cells for growth and endo-1, 4-b-
xylanase production.4. Conclusion
The current investigation has established the potential of the
newly isolated thermophile G. stearothermophilus KIBGE-IB29
for maximum production of endo-1, 4-b-xylanase via sub-
merged fermentation. Production of endo-1, 4-b-xylanase at
high temperature (60 C) indicates its significant utility in
different industrial processes with short incubation times.
Optimization of different chemical parameters also observed
as pre-requisite to enhance the production yield of endo-1, 4-
b-xylanase. Among different agricultural wastes orange peel
was found as a better replacement of xylan for endo-1, 4-b-
xylanase production by G. stearothermophilus KIBGE-IB29. It
has been concluded that the G. stearothermophilus KIBGE-IB29
is a good source for hyper production of endo-1, 4-b-xyla-
nase which can be further characterized and utilized in
different industrial applications.r e f e r e n c e s
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